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SUMMARY 
A study was conducted in a test room equipped with an external reflecting solar shading 
system, energy efficient luminaires and a work station. The shading system reduces the 
illuminance level in the front of the room on days with clear sky and increases the illuminance 
in the back of the room on days with overcast sky. Measurements at the Danish Building 
Research Institute identified problems associated with glare caused by redirected light from 
the shading system. The objective of the study was to investigate the occupants’ satisfaction 
with the visual environment by using this shading system and by having individual control of 
luminaire. 11 subjects participated in the study. The results show that the subjects in general 
are comfortable with the lighting conditions in the room and that they do not feel bothered by 
glare from the shading system during overcast sky. 
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INTRODUCTION 
For energy optimization of buildings focus has, for the last decades, been on the heating, 
cooling, and ventilation system. However with the tightened demand to the buildings energy 
consumption focus needs to be addressed on the lighting system as well. In a typical new 
building today the energy consumption for lighting contributes up to 25% of the energy-
frame. To reduce the energy consumption for lighting it is necessary to use energy efficient 
lighting systems and natural daylight to its maximum extent. This stipulates demands to the 
building shape, the surroundings, orientation and glazing area and to the control strategy 
applied for the electrical lighting system. Several research studies have shown that using 
lighting control systems such as daylight-linked dimming and occupancy sensors reduce the 
electricity consumption for lighting (Bodart and Herde, 2002; Galasiu et al., 2007; Roisin et 
al., 2007). Individual control of the lighting conditions also increases building occupants’ 
satisfaction with the visual environment (Boyce et al., 2006). Good daylight design of 
buildings furthermore provides side effects to building occupants ranging from improved 
health and wellbeing to increased lighting quality (Wout van Bommel, 2006; Veitch et al., 
2007) and higher productivity (Heschong, 2002). Large glazing areas often result in varying 
heating and cooling loads. In addition, intense daylight can lead to glare problems. However 
people tend to tolerate glare from daylight better than glare originating from other light 
sources (Galasiu and Veitch, 2006). Therefore successful daylight design of buildings 
requires trade-offs and optimizations between facade layout, energy consumption for heating 
and cooling, space configuration, and the choice of lighting system used. 
 
In this study focus is on the interplay between a new type of shading system and the 
illuminance level in the room. The shading system consists of transparent lamellas made of 
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solar control glass with high reflectance coating. The transparency of the lamellas ensures the 
“view out” for the building occupants. With the lamellas rotated 30° outwards having the 
reflective surface upwards some of the light is redirected into the back of the room. The 
efficiency of the lamellas has been investigated at the Danish Building Research Institute 
(DBRI). For overcast sky conditions it was found that the daylight factor had decreased close 
to the facade but was increased in the back of the room slightly. For clear sky conditions, with 
the lamellas rotated into vertical position, the measurements showed that the illuminance level 
was reduced throughout the room indicating that also the solar gain was reduced (Laustsen et 
al., 2008). Preliminary calculations by Laustsen et al. (2008) have shown that the glass 
lamellas reduce the energy demand for lighting resulting in a lower total energy demand 
compared to cases with opaque lamellas. The measurements at DBRI identified problems 
associated with glare caused by the redirected light from the glass lamellas. These problems 
were most significant in direct sun but also in overcast sky the reflected sky luminance could 
cause vision discomfort. The reflections in the lamellas furthermore reduced the transparency 
of the lamellas resulting in an obstructed view out (Laustsen et al., 2008). Therefore to further 
develop the shading system the objective of the study in this paper is to investigate the 
occupants’ satisfaction with the indoor environment in a room with the described shading 
system, with special focus on the glare problems identified. As the shading system is 
optimized daylight-wise, and people tend to tolerate glare from daylight better than glare 
originating from other sources, it is also in focus to investigate if the demand to the visual 
environment is different when applying a shading system that is transparent and redirects 
some of the light into the room compared to findings in other studies. 
 
METHOD 
 
Procedure of the measurements 
The measurements were performed during daytime in February 2008 at the test room facility 
at DTU, latitude 56N and degree of longitude 12E. Each measurement had a length of 20 
minutes. The measurements were performed during overcast sky conditions. In the beginning 
of each measurement the lamellas were tilted 30 degrees towards the facade, as this was found 
to be the optimum daylight reflecting position (Skotte, 2007; Laustsen et al., 2008). 11 
subjects participated in the study. The subjects were positioned at the workplace in the back 
of the room, 4 m from the facade, see Figure 1. The luminaires were switched off at the 
beginning of each measurement and the subjects were asked to sit down and relax to adapt to 
the visual environment in the room. Hereafter the subjects were asked to set the illuminance 
level that gave them the best visual comfort for office work at the work station. If the subjects 
experienced glare from the lamellas they were asked to change the position of the lamellas to 
either perpendicular or parallel to the facade. 
 
The lighting level was measured with lux meters placed on the table, the visual display unit 
(VDU) and the surroundings. One lux meter was placed outdoors on top of the roof. 
 
Test room 
The test room is a rectangular room with dimensions 2.75 m x 5.25 m, x 2.73 m (L x W x H), 
and with a window facade towards south, see Figure 1. An external solar shading system 
consisting of glass lamellas was attached to the south facade. The glass lamellas had a light 
reflectance of 0.31, a solar energy transmittance of 0.63 and a light transmittance of 0.65. The 
solar shading system is described in details in Laustsen et al. (2008). 
  
 
                       a)                                       b) 
Figure 1. Figures of the test room. a) The south facing facade of the test room facility at DTU, 
b) Sketch of the test room with dimensions. 
 
The windows in the test room were double-pane, low-emissivity coated with argon fillings 
from Scanglas (SGG Climaplus Total). They had a light transmittance of 0.72 and a g-value 
of 0.63. The reflectance of the walls was measured to 0.9. The floor, ceiling and tables had a 
reflectance of respectively 0.6, 0.9 and 0.4. The room was equipped with a work station and a 
luminaire suspended from the ceiling placed 4 m from the window, see Figure 1. The 
luminaire was an Arano TPS646 from Philips with 3 TL5 HE 35W/830 lamps. The lamps had 
a colour rendering index (CRI) of 85 and a correlated color temperature (CCT) of 3000 K. 
The luminaire was positioned above the workplace and gave both direct and indirect light. 
Hereby the luminaire contributed with both task light and general room light. The direct and 
indirect light could be switched on/off individually. Furthermore it was possible to dim the 
direct light by a digital addressable lighting interface (DALI) ballast which could reduce the 
lamp output to 3%. 
 
Questionnaire 
To evaluate the indoor environment in the test room the subjects had to fill in a questionnaire 
with questions concerning general information about themselves, the lighting condition in the 
room, and evaluation of the glass lamellas. The questions brought into focus in this paper 
concerns: 1) Glare caused by the shading system and, 2) Control of the lighting system. 
 
RESULTS 
 
Measurements 
All measurements were made on days with overcast sky why the lamellas were rotated 30 
degrees outwards having the reflective surface upwards before each measurement. 
 
The daylight factor was measured to be approximately 4% at the work station in the back of 
the room. The illuminance level outdoors is seen on Figure 2. 
 
 Figure 2. Illuminance level outdoors [lux] on top of test cell for each measurement. Black 
dots expresses the average value, the white line the median, and the grey area the values 
between the 25th and 75th quartile. 
 
The illuminance level measured on the table at the workstation is seen on Figure 3. 
 
 
Figure 3. Illuminance level [lux] on the table at the workstation for each measurement. Light 
was switched on in measurement # 1, 2, 9, 10 and 11. 
 
Questionnaire 
The answers from the questionnaire showed that the subjects were comfortable with the 
lighting conditions, if they had to conduct their daily work at the work place. For 7 of the 11 
subjects it was important or very important to be able to adjust the electrical lighting at all 
time. For two of the subjects this was not important and two were neutral. To one of the key 
questions concerning if the subjects were bothered by the lamellas to provide them with a 
view out, 6 of the 11 subjects answered that they were somewhat bothered or bothered by the 
lamellas to provide them with a view out; 1 was neutral and 4 subjects were not bothered or 
bothered at all. 
 
To the other key question concerning if the subjects were bothered by glare from the lamellas 
8 of the 11 subjects answered they were not bothered by glare of these, 6 were not bothered at 
all. 3 of the subjects were bothered by glare from the shading device. These subjects changed 
the position of the lamellas to either parallel with the façade or perpendicular to the facade. 
Evaluating glare once again showed that the test persons were not bothered by glare anymore. 
Figure 4 shows the transparency of the lamellas for 3 positions at overcast sky. 
 
   
a) b) c) 
Figure 4. Transparency of the glass lamellas for different positions: a) lower glass lamellas 
perpendicular to the facade, b) lamellas rotated 30 degrees outwards, c) lower glass lamellas 
parallel to the facade. 
 
DISCUSSION 
In general the subjects were comfortable with the lighting conditions if they had to conduct 
their daily work at the workplace. The daylight factor at the workplace is approximately 4% 
which is a result of the high reflectance of the surfaces in the room and the light directing 
shading system. Laustsen et al. (2008) found that the light directing shading system increased 
the daylight factor slightly in the back of the room. Due to the high natural lighting conditions 
only 5 of the 11 subjects felt they had to switch on the artificial light to achieve an acceptable 
lighting environment for working conditions. 
 
For 2 of the 11 subjects it was not important to be able to adjust the electrical lighting at all 
time. 7 subjects reported that it was important or very important for them to be able to adjust 
the electrical lighting at all time. These findings are in compliance with findings from a study 
by Boyce et al. (2000), where it was found that offices with dimmable control had higher 
ratings of lighting quality and comfort, and tasks were rated less difficult. In an open-plan 
office in Canada Newsham et al. (2004) it was found that lighting control was associated with 
significant improvements in mood, satisfaction, self-assessed productivity and comfort. 
However during the measuring period the subjects who switched on the electrical light only 
adjusted the electrical light at the start of the measurement, which implies that the feeling of 
being able to adjust the electrical light is of importance, even though the subjects only 
changed the electrical lighting conditions once. This finding is also in compliance with results 
from the literature, where e.g. is found that “once the electric lights are turned on, they will 
remain on until the space is vacated” (Galasiu and Veitch, 2006). 
 
The restricted view out caused by the lamellas bothered 6 of the 11 subjects. This problem 
can be solved by having the lamellas positioned perpendicular to the facade. However, this 
position means that less daylight is being reflected into the back of the room resulting in 
increased energy consumption for lighting. The optimum position of the lamellas during 
overcast skies, with not enough natural daylight in the room, must therefore be a trade off 
between view out, problems with glare and energy consumption for lighting. 
 
8 of the 11 subjects were not bothered by glare from the shading system, and of these 8 
subjects 6 were not bothered at all. This can imply that the problem with glare during overcast 
skies is not a major concern as presumed from the investigations at the DBRI. The ones 
experiencing glare could solve this problem by changing the position of the lamellas to either 
perpendicular to the facade or parallel to the facade. Therefore the shading system should be 
flexible and it should be possible to adapt the position of the lamellas to the different lighting 
conditions. 
 
The average illuminance level outdoors was in the range from 2400 lux to 12000 lux for the 
different measurements. With a daylight factor in the back of the room of 4% this results in 
average illuminance levels indoors between 100 lux to 500 lux if daylight was the only light 
source in the room. The subjects experiencing illuminance levels around 100 lux (#10 and 
#11) switched on the luminaires, and thereby raised the illuminance level to 550-650 lux. One 
of the subjects (#1) experiencing illuminance level of 250 lux switched on the luminaire and 
raised the illuminance level to 650 lux. Finally two of the subjects (#2 and #9) experiencing 
illuminance level of 400 lux switched on the luminaire and raised the illuminance level to 500 
lux and 800 lux. Given the choice, subjects who felt that the natural daylight was not enough 
added on average between 100–550 lux of electric light to the daylight available on their desk. 
This finding is in compliance with findings in a study from 2001 by Escuyer and Fontoynont 
where it was found that people added on average between 150-400 lux, however in another 
study from 1997 by Begemann et al. it was found that people added between 300 and 1200 
lux of artificial lux to all daylight levels throughout the year (Galasiu and Veitch, 2006). 6 of 
the 11 subjects were satisfied with the natural lighting conditions in the room with average 
illuminance levels in the range from 250 lux to 500 lux. These results show that individual 
settings differed greatly from one person to another. A similar conclusion has also been found 
in other studies (Galasiu and Veitch, 2006). Based on these findings it seems as if the demand 
to the visual environment is the same when applying a shading system that is transparent and 
redirects some of the light into the room compared to findings in other studies. However due 
to the small number of subjects more measurements have to be conducted to finally conclude 
whether the findings are representative or not. 
 
The results should be considered as indicative rather than conclusive. The number of subjects 
was 11 and the results have been obtained from 20 minutes experiments. A higher number of 
subjects and measurements for longer periods might have revealed another conclusion with 
regard to glare from the shading devise and to the other aspects discussed. Furthermore the 
measurements were conducted during overcast skies and to get a more varied picture of the 
interplay between the solar shading system and the illuminance levels in the room further 
relevant measurements will be to conduct similar experiments during clear skies. 
 
CONCLUSION 
This paper presented the results from a study of the occupant’s satisfaction with the indoor 
environment in a test room with a new type of solar shading system and with individual 
control of the lighting system. 11 subjects participated in the study. The results should be 
considered as indicative rather than conclusive. The results showed that the subjects in 
general were satisfied with the lighting conditions in the room and that they were not bothered 
by glare from the shading system. If glare occurred this could be omitted by changing the 
position of the lamellas. The study was made during overcast sky conditions why future 
studies also should include investigations during clear sky conditions to get a more varied 
picture of the interplay between the solar shading system and the illuminance levels in the room. 
Given the number of subjects that participated in the study more subjects should be asked to 
test the visual environment in future investigations to be able to draw final conclusions. 
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